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1. Introduction I evia:
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rib and filler tile slab

Decken mit Flach-
Unterztgen | decken |

flat slab

slab with downstand beams

| ]

10 Stockwerke !
11 Stockwerke !

Advantages of flat slabs: dropped panel slab

* reduced costs of shuttering 4--'(\
R 1 - \

* Installation can be done easily

L

« to achieve a reduction in storey height
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1. Introduction I evig:

Standard slabs without down_stands - | A CRH COMPANY
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Pl@ Shear Failure

Shear Load Faliure




P hi hear failure example from site 4
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Punching shear failure example from site 4
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FM1: No Punching Shear Reinforcem
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FM3: Maximum Load applied FM4: Failure outside of PSR
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Punching Shear Reinforcement for Slabs r g
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| |
Concrete solution o
[ [

6=266"

Steel solution

Stirrups

Double headed studs
Example: HDB Studrails

DURA Steelhead
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Confronto prestazionale tra elementi a Punzonamento ’
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DURA Steelhead:
#° Factor 3-5 depending
on slab and column = “my
) 1,96 dimension m
£ 15
=
:
o
1
= =
N L
O i
L 3]
0,5 = g
> m
i ()]
0 o0 T

Leviat.com Imagine. Model. Make.



l eviat

A =—=——=B =:i=m.eC ececccee- D 500

G/ v E .. A CRH COMPANY
| __ 450 / 7 %
90 — 400 £ - —
d=10{ 70 42 | q=10] 42 % F17 1T 1 | | - Dol
=350+ _::_ L —
I
:: 300+ it
C 250 # /,.-v"y& A
— — - E " = = -F ------------- G H 200 > g
L 25 % 4
= 150
25 27 ﬁ
sol° 42 & 100
3.d.=18 mm 002 004 006 008 010 012 014 0,16

Verankerungsschlupf A [mm]

DOUBLE HEADED SYSTEMS ADVANTAGE:
- NERLY ZERO SLIP AT ULS=>» INCREASE MAX PUNCHING SHEAR LOAD CAPACITY
- USE FULLY YELD STRENGHT IN DESIGN INDIPENDETLY ON THE SLAB THICKNESS
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Veae =0,12-k-(100- p, - £,)° +0,10-0,,

2,0
151 Database di n° 188 test
b Ve, considera coefficienti
g 10 parziali di sicurezza =1
0,5
00 } } } (Hegger et al. 2008)
0 20 40 60

concrete compr. strength f .., [MPa]

Safety level is sufficient ({5, ~ 1,0) !
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Comparison leviat
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» Minor differences in load
0,45 1 bearing capacities

» Mainly similar influencing
factors

o
w
S

== DIN 1045-1
=== Eurocode 2
m— ACI 318-08 » Database ~ 200 tests
— S|A 262

Load capacity }/,, [MN]
o
&

0,25 1

0,20 - : | :
20 25 30 35 40 45 50 20

A

concrete compr. strength f, [MPa] 30} p,=1,0%

Leviat.com Imagine. Model. Make.




Comparison leviat

A CRH COMPANY
VRd,max = 095 ) 0’6 ) (1 o ]rck /250) ) ]i'd
2,00
1,50 o
3 m|
§1oo H \_/rd,max dipende
2 R _ e 50T linearmente da fck
™ Vrd,max non dipende dalla
. = 0,46 % di armatura a flessione
0,00 o 7 @ T
0 20 40 60 80 100

concrete compr. strength [MPa]

Eurocode 2 does not achieve the required safety level!

19
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4. Structural calculations

Design according to ETA
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4. Structural calculations

" structural design
S¢ < Ry

® S, - sum of actions

" R, —resistance to forces
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4. Structural calculations

Aload
® Consideration of perimeter
The design resistance of defined
perimeters is to be calculated.
Vg4 — load of slab on loaded area A4
" Formula for circular sections:
Perimeter u,

VRa = Vrg (Psf) “ U - d2Vgy - B

[ = factor for increased load
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4. Structural calculations
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verification1: without punching reinforcement

verification4: punchingreinforcement

verification 2: maximum bearing capacity

verification 3: outside punching reinforcement
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4. Structural calculations »
Leviat
Is punching reinforcement required or not?
. 20d
P ‘ U, ‘

™Y
Q

o \\D o o D/O// o o
o o ol o o a o o

EN 1992-1-1, 6.4.4, 6.47 | ETA-12/0454 (A3):
Vrac = Crac * K+ (100 - py - )13

VRdc = VRac * U1 - dSVgq- B

Si1 adottano 1 valori raccomandati
Crac=0,18/%,
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4. Structural calculations l eviat
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Is punching reinforcement required or not?

EN 1992-1-1, 6.4.4, 6.47 /| ETA-12/0454 (A3):

Verification: Vg4 £ VRdec = no punching shear
VRdc = Cryc - K- (100 - py - f)”® reinforcement necessary
VEd > VRd,c = punching shear

VRdec = Vrge* Uy " dSVeg - B
M Megs e Ed reinforcement necessary

Recommended values ETA-12/0454.
CRrqc=0,18/y,=0,18/1,5=0,12

0,18 u 0,15
= ——-101=2+06|>—=010
CRra,c y ( d j ’ ifug/d<4,0
P = (p|z . p|y)1/2 < 2,0 and < 0,5 : fcd/fyd

k = 1+ (200/d)"0,5
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4. Structural calculations l eviat
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1 Loaded area { columns ) is more than 6 d from openings or slab free edges

u,=m=+ (c+4d) Ug=2=x(cy+cy)+4dxm
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4. Structural calculations
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Loaded area ( columns ) at distances less than 6 d from free edges

Edge columns

Free edge

Corner column

<6d

Free edge

l eviat
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4. Structural calculations 1 eviat
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Load area (columns) is less than 6d from openings (voids) in the slab
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4. Structural calculations

internal column  _

‘ plastic shear spread | | recommended values

W =cil2+c c,+4c,d+16d*+2md c,

Leviat.com
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The more precise method of assuming plastic shear
distribution than with EN 1992-1-1:2011-01 can be used as
an alternative or as soon as the span width of adjoining
slabs deviate more than 25 % from each another.
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4. Structural calculations 1 eviat
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Is the maximum resistance sufficient?

Failure of the
concrete pressure zone

ETA-12/0454 (A8):
VRdmax = 1,96 - Vrgc < Veq - B
== 1,0 * Vg < VEq " B S 1,96 - Vi o = VRd may e
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4. Structural calculations 1 eviat
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Where is the last stud?
by 1ed Ve - T
, T T | P N
out / o} PR S Q \
— — A pin-aine S
\o\ o] o7 o o o T = © /,// d I ( { P | | ‘ ]
o) fol o o} o o} ol o) fo! Q !1'5dm%> #kf# E[CP (D (b |
!“ : T RSSRIRKX | ; | | |
R A Y B

EN 1992-1-1, 6.4.4, 6.54 | ETA-12/0454 (A4): [ ——
Vrac = Crac * K+ (100 - py - )13

VRd,out = VRd,c " Uout -d s VEd Bred
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4. Structural calculations | eviat
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Where is the last stud placed?

EN 1992-1-1, 6.4.4, 6.54 | ETA-12/0454 (A4):
VRac = Crac * K+ (100 - py - )13

VRd,out = VRd,c " Uout * ds VEd " Bred

Recommended values ETA-12/0454.
Crac=0,15/y,=0,15/1,5=0,10
Brea =1,0-p 21,10

Bred,edge column —

p >
>1,10; B =
Yi; ./S » 1Y red,corner column
1’2+AO /d

p
1,2+%5-15/d 21,10
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4. Structural calculations l eviat
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Design of the stud diameter. .
/i_.__ " Reg .D_O___""H\
P og ,O/ o)
e c \
. N
o T T ) T o T ] ’/ ] L] // o -~Region C o= B, o \ \
/ me i P o . ‘\O‘.\ ..\s i.s dm
/ @ :"—/__?__ [ [ T \s1|.?d_—n \\.l.
a el Q Q o Q o J ./ ;< e -.—.—." BV VAT AV AT LY \\ 4 %J
/ NSNS )
/ e ]f ‘. e (l5 4 911?5‘1 KK -'To%"? » T
' Swp | Swo | 1 ll\ o 103568 0_50:1,,. J' ;]
Il '\ . . |
| L \ D"‘-.. <0.75 dyy )f /
T @ ! e e Column 5 o —— ‘_);.d/ o /
i | Q B 7 o
| \"x______ L S.E“ff‘_‘.f'/.

ETA-12/0454 (A7):

VRd,sy=rnc "N~ Ay fyd/nSVEd B
~ [1,0if d <200mm

T=11.6if d>800mm
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4. Structural calculations

constructive rules in area C:
* min. 2 studs per rail

* Distance between first stud and column = 0,35d - 0,5d

» Distance between following stud < 0,75d

» Tangential distance between
studs at a distance of 1,0d to the column <1,7d

constructive rules in area D:
» Radial distance between studs < 0,75d

» Tangential distance between studs
on the edge of area D < 3,5d

Leviat.com

| Bwo_y

Column

l eviat
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o= 1,126 L 11284 Mg 1.125¢ ly=1,125d I
AmaD Ara C AmaC AwaD
A
L] L] ] L] L] ] L ] L ]
Column
[l
\Q-.Li?a- . :' * nc = 2
L { .
-
* .
.-\\ . L]
“-&r
X

edge of
shear-reinforced area

* according to section 4.2
Section A - A

Instaliation after placing the
top and bottom reinforcement layers

Reverse installation; spacer bars
are under the lower layer of reinforcamant

———f

i
N —

spacer bars
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WHITE PAPER — NOVEMBER 2025 Leviat
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Download here: https://www.leviat.com/resources/white-papers

Considerations for

with
Proven Punching
Shear Solutions

White paper, November 2025

Ancon Shearfix

This is a shear stud rail system, ; A A
sometimes called SSR on drawings. el d A i
Used within a slab to provide R T2
additional reinforcement around
columns, Ancon Shearfix is the
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Sampoong Department Store, Seul (1995) leviat
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& . ¢ b, ; _ :
. . ol IR AT N W o N .
The Sampoong Department Store collapse remains one of the most tragic structural failures in modern history.®

Leviat.com Imagine. Model. Make.




C

A CRH COMPANY

Y
'\\'\\\\\\\\\\\\\\.\\\\R&

DR ey e

Leviat.com
Imagine. Model. Make.




Champlain Tower Shouth, Florida (2021) eviat
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Comparison in major global standards l eviat

Eurocode 2 A CRH COMPANY
EOTA TR 065
Aspect Gen1 Gen2 (for ETA) ACI318 AS 3600 SIA 262
Distance to 2d 0.5d 2d 0.5¢ 0.5d 0.5d

control perimeter

Inclusion of
headed stud
punching shear
reinforcement

v v v X v

Concentration x J x J
of punching
shear stresses

at the corner of
columns: long
“blade” columns
and large columns

(included in current

Factor
accounting for
eccentric shear

Distance to first = 0.
stud

Maximum
tangential stud
spacing
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Key Changes relevant to punching shear leviat
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Point of contraflexure factor

1ew 101 \ I pendaing r ti
n 1t Q)
8 Irea an the
1 e f I r £ 1 ':-
where
i \,-" i > d
Stud spacing
Tangential spacing rules are stricter in Gen 2. In Gen 1, the first perimeter allowed spacing up to 1.5d; Gen 2 re es this to 0.75d,
1 K r i nted t
Tangential spacing of shear reinforcement
Gen1 Atad nce < 2d from 9.4.3 Punching shear reinforcement

Th

Gen 2 First p er o 12.5.1 Punching shear reinforcement

ar reinforcemen

Leviat.com Imagine. Model. Make.




Key Changes relevant to punching shear l eviat

Studs vs. Links A CRH COMPANY
Gen 2 introduces a new parameter (d ) which is maximised through use of shear studs compared to link stirru
1ear stress at
uterm hear
1sed
The current draft of the UK National Annex defines the 1]__values as on 0 PR 10 for st
v T 1.V I Stuads

the right. The correct values to be used in the UK will be confirmed when
the NA is published. These values are likely to vary between different
Europeans countries and some countries may adhere to the Eurocode n..
recommended values in the above equations (8.110) and (8.111).

Control perimeter location

Location of the control perimeter:
Gen 1: u, @ 2d from column face Gen2:b__ @ 0.5d from column face
v
v
- o ne
20 a9 24 o=~ E -
= ety Y ~ N by bys - \ bes o
s ‘\-: v I L] | 2d . 1 . _. ‘dl | b e
\ ‘ : I
. 5 - ' | |
- a” I P S V. F - l‘ ._'__“\. b
& \ \ \
b Gen1 \ \ 2 Gen 2

ntrol perimeter

around loaded area

Figure 8.18: Typical control perimeters b, and b

around supporting areas (same perimeter shapes)
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Upcoming trends and considerations leviat
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BIM-enabled reinforcement modelling
Al-assisted and generative design
Data interoperability and collaboration

Wider industry context

Looking ahead
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Product and Applications I evig:
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Forged heads (3xD) Material: Grade 500 Rebar
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Product and Applications

% ong ol
leviat
HDB - Standard Elements HDB - SK Elements
= Recommended for slab thickness = Recommended for slab thickness
up to 350cmm above 350mm
= Rails with 2 or 3 studs = Rails from 2 up to 10 studs
= For standard slabs = For stadard slabs as well as
= |Installation from Top ( ) foundations
/ = |nstallation from Bottom ( )

Leviat.com Imagine. Model. Make.




Product and Applications I evig:

Installation from the Top A CRH COMPANY
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Product and Applications :
PP Leviat
® Rails with 2 or 3 studs
® Can be quewed up
" Available stud @
10, 12, 14, 16, 20, 25 mm
® Standardised range
(available from stock)
) 5 ! HDB - 16 /205 - 3 /420
T T
3 3 N Typ Anker- Anzahl Element-
= = = mafe Anker langel
}4—»4—»4—»4—»‘ da / ha
La' La La ' Lg =0,5L,x :
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Product and Applications I evig:
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Klemmbiigel
Typ HDB-KLEMM
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Product and Applications I evig:
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Product and Applications ® Levia:
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® Rails up to 10 studs
" Available stud @
(10), 12, 14, 16, 20, 25 mm

® Bespoke production on demand
(single studs might be on stock)

. L

ir F: HDB - 16/ 205,-_?;;25, (100/100/150/150/150/75)
T Typ Anker- Anzahl Element- Ankerabstinde Endabstand
mafe Anker linge L Laqg/Lag/. ../ - La, L
da / hy

L'aﬂ L-‘!'\E L-‘!".R L-‘*'.4 L-"'n.!-'. I—u =75 mim,
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Product and Applications I evig:
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" Spaceris marked with concrete coverage c,,,
® Spacer consists of nailholes

" When using a steel shuttering the rails should
be fixed to the lower reinforcement.

Abstandhalter
Typ HDB ABST

/2 -‘\__
ﬁ Abstandhalter
aufstecken

Leviat.com Imagine. Model. Make.
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Product and Applications I evig:
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2. Applications
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2. Applications leviat
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2. Applications  evia:
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2. Applications leviat
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2. Applications  evia:

A CRH COMPANY

Leviat.com Imagine. Model. Make.




Punching Shear Reinforcement for Foundations I eviat

4
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Collumn
Collumn

Foundation Foundation
Crack

MR AR A AR AR ARRARRRARR

Soil Pressure

High local loads comes from column to foundation
Concrete failure to come once concrete resistance is overloaded

= Faliure related to punching shear faliure at slabs

- Additional reinforcement is needed to avoid punchig shear faliure

Leviat.com Imagine. Model. Make.



Punching Shear Reinforcement for Foundations I evia:
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lw : W*—l = Standard slabs:

Cracking cone at
around 35°: Double
headed studs are
effective

= Solution;: HDB-Z

= Foundations: Cracking
cone ar around 55 -65°
Vertical reiforcement is
not effective.

-> Goal was to develope a
new system for effective
crack stitching.

LFEN GmbH | FOR INTERNAL USE ONLY

79



Punching Shear Reinforcement for Foundations
Available systems

l eviat

A CRH COMPANY

Rebar stirrups ¢

Double headed studs: HDB-Z ,Swan*
HDB Studrails

4 SHe 2 ;
VRS L s
el R N "
.l"l. .

Leviat.com




Punching Shear Reinforcement for Foundations e
9 l eviat
2,5
, 1,96
“;i ;5 Aaliiinnn o
| 3
I N\ ) S
@\
i N
0,5 !
0 =
> T LLI
0
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Punching Shear Reinforcement for Foundations I evia:
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Elements queued

Element No.1 Element No.2

Steelplate
(S235 nach DIN EN 10025-2)

,Z-shaped“ HDB Studs
(B500B acc. to DIN EN 1992-1-1,
Annex C)

Spacer

Leviat.com Imagine. Model. Make.



HDB-Z
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HDB-Z

| verbunden

Ignann

e —————

Leviat.com

Versuchsstand

aus 2 Rahmen
uber Quertrager

Quertrager

12+1 Pressen

Traversen

Gleit- und Verformungs-
lager
Lastverteilungsplatten
Versuchskorper

Quertrager

l eviat
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HDB-Z Punching Shear Elements :
g Leviat

« German Approval (abZ) from DIBt il ETA22-0360

« European technical Assessment ETA 22-0360

» Designconcept according to EC2 for foundation
slabs and single foundations.

 —
1
v .4

1
rd

4 ) A
i ¥ i Fa| ya)
¥ 4
¥ 4

Scope of application:

* Punching shear reinforcement for predominantly . |
static load requirements as well as for fatigue loads. —
Fatigue range of stress Aorsk = 70 N/mm? I+
at n < 2x10° cycles.

» Concrete strength for foundations: C12/15 up to
C50/60.

* Foundation thickness: h = 230mm.
« Reasonable performance advantage < 1200mm

Leviat.com Imagine. Model. Make.




HDB-Z Punching Shear Elements .,
Leviat
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For foundation / ground slabs il I,
T
Advantages: HHH
 High punching shear restistance : il
* Patent and German approval available + ETA T
* Reduced the foundation thickness up to 40%! :F iy

e Avoid concrete haunches at foundation

* Less concrete,- excavations, - water e |

* Saves time, energy and money in specific situations.
e (Calculation Software available.

Leviat.com Imagine. Model. Make.



Foundation Haunches
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: . B 7
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SIS

FEEFES L
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Foundation Haunches I evig:
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Dropping the groundwater level
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Dropping the groundwater level L evig:
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GW (ursprunglich)

- -_— s s Nl _— - e

_evll. Stutzfilter
' —— GW (abgesenkt)
2 o ~> a7
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HDB-Z Punching Shear Elements I evia:
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¢ . frel orientierbar

+ Installation suitable for circle and square
shaped columns

* No. of elements in 1strow N1&22=8
depending on distance.

st row: Distance from column sr = 0,3d.

* Remaining rows keep a distance of sr = 0,5d
from the elements in previous row.

T 0.3d 0,540,5d 0,5

L N i | I
Leviat.com Imagine. Model. Make.



HDB-Z Punching Shear Elements L evig:
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(47 ‘!ﬂwﬂlﬂil

s
3
|
3
3
b
=
b}
3
3
=
Y
3
b
3
3
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HDB-Z Punching Shear Elements L evig:

A CRH COMPANY

Lol AT\ S
af % &L A -'--'1"; ~x
v =A==

‘f.'r‘!"

-
3 =y

"

Leviat.com Imagine. Model. Make.




T | eviat
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For standard slabs

Advantages:

e Easy and fast to install from top and
bottom.

e ETA approval

* Performance up to 20-30% in
comparison to standard reinforcement.

e Well known on the market

e (Calculation Software

Leviat.com Imagine. Model. Make.




Summary

l eviat

A CRH COMPANY

For standard slabs

Advantages:

* Very high performance especially on small
columns.

e Calculation Software based on Eurocode
and SIA

e Applied for DiBt approval in Germany

96 Leviat.com Imagine. Model. Make.




HDB-Z Punching Shear Elements .,
Leviat

A CRH COMPANY
For foundation / ground slabs il I,
T
Advantages: HHH
 High punching shear restistance : il
* Patent and German approval available + ETA T
* Reduced the foundation thickness up to 40%! :F iy

e Avoid concrete haunches at foundation

* Less concrete,- excavations, - water e |

* Saves time, energy and money in specific situations.
e (Calculation Software available.
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Aschwanden DURA Box: German DiBt approval ava"ableLeVidt

= DURA Box is used to reinforce the ‘predetermined breaking areas’ in B E BRI
concrete slabs generated by the inclusion of large pipes and tubes

= The system avoids cracks going through the voids in the slab

oRvaEEeT

e |

Quer kraft /Effort tranchant

.

s Platte mit Leitung und DURA Box
Dalle avec conduite et DURA Box

m Durchbiegung/Flexion

Leviat.com Imagine. Model. Make.

mm Rleferenzplatte ohne Leitung
Dalle de référence sans conduite




leviat
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Grazie!
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